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ABSTRACT 
The effects of micelle forming surfactants hexadecyl-
trimethylammonium bromide, sodium dodecyl sulfate and igepal 
CA~6JO on the visible spectra of merocyanine dyes of the 
form 1-alkyl-4-[(J' ,5'-alkyl oxocyclohexadienylidene)ethyl-
idene]-1,4-dihydropyridine were studied. In all cases the 
visible spectrum shifted to the red when the dye was 
incorporated into the micelles. The magnitude of the shifts 
was found to be dependent on the substituted groups and the 
positioning of the chromophore of the dye in the micelle 
aggregates. The shifts indicate a highly hydrated environment 
about the surfactant head groups and an environment 
equivalent to that of pure ethanol solvent at some 
undetermined penetration distance. 
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INTRODUCTION 
Amphiphilic surfactant molecules are usually comprised 
of an unbranched hydrocarbon chain and a polar (often ionic·) 
head group. When the concentration of an amphiphilic 
surfactant in an aqueous solution exceeds a certain level, 
the surfactant molecules will associate to form water soluble, 
multimolecular aggregates called micelles (Figure 1). The 
Figure 1. 
free monomers micelle 
lowest surfactant concentration where this aggregation occurs 
is called the critical micelle concentration or cmc 1 . The 
exact size and shape of the micelle depends on the surfactant 
structure as well as many other factors. Simple ionic 
surfactants such as hexadecyltrimethylammonium bromide (CTABr) 
(1) and sodium dodecyl sulfate (NaDS) (2) form short lived, 
-1-
roughly spherical aggregates comprised of 60 to 80 surfactant 
monomers held together by van der Waals' and water structure 
forces. 2 'J Non-ionic surfactants such as Igepal CA-6JO (J) 
also form spherical micelles in solution, but with larger 
aggregation numbers and at a lower erne. 
The spherical arrangement exposes the ionic head group 
to the polar solvent and minimizes the electrostatic repulsion 
between them, while it concentrates the hydrocarbon chains in 
the core of the aggregate. As a result the interior of the 
micelle is hydrocarbon-like with increasing numbers of trapped 
water molecules in the areas close to the micelle-bulk solvent 
interface. 4 The micelle-water interface is more polar than 
the interior and is comprised of a rough array of hydrated 
head groups protruding into the bulk solvent. 4 This counter-
ion binding interface can be described as an electrical 
double layer, frequently called a Stern layer. Simply, the 
spherical micelle structure is a result of a compromise 
among the forces that stabilize and destabilize the aggregation. 
Thus the aggregation is greatly susceptible to perturbation 
by additives that alter the electrostatic interactions 
between adjacent chains. For example, added electrolyte can 
change spherical micelles into rod-shaped aggregates and can 
profoundly change the effects of the conductometric and 
spectroscopic properties of the aqueous surfactant solutions. 
In the case of added sodium arene sulfonates to CTABr 
-2-
solutions, these effects were shown to be due to the 
hydrophobic aromatic anion "sandwiching" between surfactant 
head groups which reduced their electrostatic repulsion.5• 6 
Micelle structure and micelle-solubilizate interactions 
have often been studied by means of probe molecules. The 
spectroscopic ~roperties of the solubilized probes change 
when they are incorporated into the micelle. These spectral 
changes can be correlated with the presumed changes within 
the micelle. This method, however, is not without ambiguity 
since the probe is never an inobtrusive molecule; it always 
alters the environment it was intended to investigate. 4 
Problems in probe studies also arise because it is not 
known where or in what orientation the probe is situated 
once it is incorporated in the micelle. 7 
Lindman points out that in order to be able to deduce 
anything about the molecular environment in a micelle the 
average site of incorporation of the probe in the micelle 
and the relationship between the spectroscopic parameter and 
the nature of the average molecular environment as seen by 
the probe must be determined.? For these reasons several 
studies of water and ion penetration into micelles are 
currently under criticism by Lindman. A 
1 3c NMR study of water penetration with 
13 + -CH3 (cH2 )7 CO(CH2 )7N(CHJ)JBr by Menger 
case in point is the 
the amphiphile 
8 
et al. 
--
Menger has shown that the chemical shift of the carbonyl 
-J-
carbon of the amphiphile in water, under conditions where 
micelles predominate, resembles that of strongly hydrated 
ketones in water. The chemical shift of carbonyl carbons in 
nonaqueous solvents differs from those observed in water by 
several ppm. In a cleverly worded review article Menger has 
argued for a ''porous cluster" view of micelles with 
considerable penetration of water at least as deeply as 
8-10~. 4 Menger also offered lJc NMR relaxation rate 9 , 
chemical reactivity10 and thermodynamic 11 evidence for his 
"porous cluster" model. Fendler12 and Whitten1J have provided 
additional support with fluorescence depolarization 
measurements and chemical reactivity studies, respectively. 
Since no study of the distribution of the surfactant 
carbonyl carbon of the probe while in the micelle has been 
done, there is still uncertainty (according to Lindman) as 
to the depth of water penetration in the micelle. Lindman 
has argued that the carbonyl carbon of Menger's amphiphile 
may be oriented toward the micelle surface if the chain is 
puckered by several gauche conformations.? A micelle model 
recently proposed by Flory has many surfactant chains puckered 
with only a limited number penetrating deeply into the micelle 
on the average. 14 Lindman and coworkers demonstrated by 
deuterium NMR 15 and 17o quadrapolar relaxation studies16 
that, if there are significant amounts of intramicellar water, 
this water is not dynamically different from bulk solvent water. 
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The problem of determining the distribution and nature of 
the spectral changes of probe molecules can be turned into a 
possible advantage by studying a series of homologous probes. 
The idea is to change systematically the structure of the 
probe so that the change in the spectral properties upon 
solubilization can also be studied as a function of the probe 
structure. 
An earlier study by Minch and Shah17 on the effect of 
dye hydrophobicity on micelle-solubilizate binding employed 
a homologous series of hydrophobic merocyanine dyes (4). The 
R-N C-c= 0 O HHO (4) - ' R-n~ ~o~ o-
R= n- alkyl v- (5) -
visible absorption spectra of merocyanine dyes are 
characteristically highly sensitive to the charge solvating 
ability of the solvent, and the dyes have been used as 
solvent polarity indicators. For example, solutions of 
1-methyl-4- [( oxocyclohexadienylidene )ethylidene] -1, 4-dihydro-
pyridine (MOED) are yellow, red violet, or blue in water, 
ethanol, acetone or pyridine respectively (Table I). The 
effect is most striking when aqueous solutions are diluted 
with various portions of an organic co-solvent such as 
-5-
TABLE I 
Color of Various MOED Solutions 
Solvent Color Amax, a nm 
Water Yellow 442 
Methanol Red-orange 509 
Ethanol Red 510 
2-Propanol Violet 545 
DMSO Blue-violet 572 
Acetone Blue-violet 577 
Pyridine Blue 60J 
aWavelength of maximum absorbance for the lowest 
frequency peak of 5 x 10-5M MOED. 
pyridine; the color varies across the whole spectrum from 
golden yellow to a brilliant blue. The original explanation 
of this solvent effect stressed the relative importance of 
the zwitterionic (5) and nonionic (4) resonance structures 
18 
as a function of solvent, but more sophisticated theoretical 
accounts have been published. 19 The Amax values correlate 
20 
nicely with the solvent dielectric constant. In the study 
by Minch and Shah, the dyes showed a red shift when 
incorporated into micelles of cationic and anionic surfactants. 
The magnitude of the shift increased with the more hydrophobic 
-6-
dyes. The spectral shift was found to depend on the nature of 
the surfactant head group as well as the n-alkyl chain length 
of the dyes. The red shift observed with the less hydrophobic 
dyes (R = methyl) is more pronounced in solutions of anionic 
surfactants than in cationic surfactants, whereas the more 
hydrophobic dyes (R = n-decyl) give more pronounced red shifts 
in cationic micelles than in anionic ones. These results imply 
that even the highly hydrophobic dyes feel some influence 
from the surfactant head groups, either because of close 
association with them or because of extensive hydration of the 
head groups and much of the_adjacent hydrocarbon chains. The 
total red shift upon incorporation into the micelle was 
never as large as the observed red shift in going from water 
to methanol (Table II). This implies that even with a highly 
TABLE II 
Merocyaine Spectral Changes in Solution 
N-alkyl groupa 
methyl 
n-decyl 
466 
475 
aR in structure (4),page 5. 
Amax, nm 
CTABr 
477 
494 
Methanol 
509 
bwavelength of maximum absorbance for the lowest 
frequency peak. 
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hydrophobic n-alkyl group the dyes are not taken into a very 
hydrophobic intramicellar environment. This means that the. 
sensitive chromophoric oxocyclohexadienylidene group of the 
dye is oriented toward the Stern layer, and increasing the 
n-alkyl chain length (the hydrophobicity) does not pull the 
chromophore far from it. 
The study of micelle-probe interactions described in this 
thesis also employs a homologous series of merocyanine dyes 
of the form (6) in hopes of orienting the chromophore toward 
o-H H R-N c= C 
(6) 
R=METHYL 
R'=H, ETHOXYL, 
i-BUTYL 
R'~H, !-BUTYL 
the micelle core. By varying the alkyl substituents the 
variation in magnitude of the red shift and its dependence on 
the head group may give information about the amount of 
intramicellar water as a function of the depth of penetration 
of the chromophore. An alteration in (6) from·the moderately 
hydrophilic N-methyl to a hydrophilic, ionic carboxymethylene 
would reveal the importance of dye charge on its average 
intramicellar environment. It was hoped that the carboxy-
methylene, being very polar, would interact with the anionic 
surfactant head groups and would position the chromophore 
-8-
toward the micelle interior. The penetration should be 
determined by the length of the dye molecule. 
-9-
EXPERIMENTAL 
Synthesis of 1,4-Dimethylpyridium Iodide; 
Methyl iodide (50ml, 0.80mole) is slowly added to a cold 
solution of 4-picoline (78ml, 0.80mole) in 100ml dry 
isopropanol. After the addition of all the methyl iodide, the 
reaction mixture is heated for 20 minutes. The result is a 
cake of product which is recrystallized twice from 95% ethanol. 
The second recrystallization yields yellow needles. Yield 
78.?1g (42%); m.p. 150°C. 
Synthesis of 1-Methyl-4-[(oxocyclohexadienylidene)ethylidene]-
1,4-dihydropyridine (MOED); 
1,4-Dimethylpyridium iodide (1?.Jg, O.O?Jmole), freshly 
recrystallized 4-hydroxybenzaldehyde (7.66g, 0.06Jmole) and 
piperidine (5.5ml, 0.055mole) are dissolved in 80ml absolute 
ethanol and heated at re£1ux for 24 hours. The cooled 
solution yields a red precipitate. The filtered precipitate 
is suspended in JOOml of 0.2M KOH and heated, but not boiled, 
for JO minutes. The cooled solution yields bluish-red 
crystals which are recrystallized twice from hot water. 
Yield 11.2g (82%); m.p. 255°C. Freshly recrystallized samples 
are bluish but dry to a bright red in air within JO minutes. 
Analysis results of these samples indicates different 
hydration states. Three recrystallizations and drying in a 
desiccator (P4o10 ) gives c14H13NO·H2o, calculated: C 7J.J6, 
H 6.59, N 6.11; found: C 74.96, H ?.J?, N 6.69. Six recrystal-
-10-
lizations followed by air drying gives c14H13N0·(1.5H20), 
calculated; C 70.56, H 6.77, N 5.88; found: C 70.76, H 7.37, 
N 6.1J. 
SY!}thesis of 1-Methyl-4- [( J I ,5 1 -di-t- butyloxocyclohexadienyl-
idene )ethylidene] -1, 4-dihydropyridine ( di-~-butyl MOED); 
1,4-Dimethylpyridium iodide (4.J9g, 0.019mole), di-
tertiarybutyl-4-hydroxybenzaldehyde (J.98g, 0.019mole), and 
piperidine (2ml, 0.02mole) are dissolved in 100ml absolute 
ethanol and heated at reflux for 24 hours. The cooled reaction 
mixture yields a green precipitate in a blue solution. The 
filtered precipitate is heated in 200ml of 0.2M KOH for JO 
minutes. The cooled solution yields green crystals. Yield J.7g 
(67%); m.p. 262°c. Analysis: calculated (for c22H29No): C 81.73, 
H 8.98, N 4.JJ; found: C 80.40, H 8.6J, N 4.22. 
Synthesis of 1-Methyl-4- [( 31-ethoxycyclohexadienylidene )ethyl-
idene]-1,4-dihydropytidine (ethoxy MOED); 
1,4-Dimethylpyridium iodide (9.81g, 0.042mole), J-ethoxy-
4-hydroxybenzaldehyde (6.79g, 0.041mole), and piperidene (4ml, 
0.04mole) are dissolved in 50ml absolute ethanol. The mixture 
is heated at reflux for 24 hours. The cooled reaction mixture 
gives an orange-red precipitate. The filtered precipitate is 
suspended in JOOml of 0.2M KOH and heated for JO minutes, but 
not boiled. The cooled solution yields red crystals which are 
-11-
recrystallized twice from hot water. When stored in a 
desiccator (P4o10 ) the crystals turn purple-red in color. 
Yield 7.38g (70%); m.p. 210°C. Analysis: calculated (for c16 
H17No 2• 4H20): C 58.72, H ?.64, N 4.28; found: C 58.JJ, H 6.79, 
N 4.21. 
Synthesis of 1-Carboxymethylene-4-8oxocyclohexadienylidene)-
ethylidene]-1,4-dihydropyridine (carboxymethylene MOED); 
4-Picoline (6ml, 0.61mole) in 10ml absolute ethanol is 
slowly added to a cool solution of iodoacetic acid (9.87g, 
0.05Jmole) in 50ml absolute ethanol. The reaction mixture is 
heated at reflux for 2 hours. Most of the solvent is removed 
from the cooled reaction mixture by rotary evaporation 
yielding a red viscous liquid. Freshly recrystallized 
4-hydroxybenzaldehyde (6.55g, 0.054mole) and piperidine (2ml, 
0.02mole) in 50ml ethanol is added to the viscous liquid. This 
solution is heated at reflux for 24 hours. Most of the solvent 
is again removed by rotary evaporation. Addition of cold 
acetone yields powdery gold crystals which are recrystallized 
once from hot spectral grade acetone to yield-yellow-gold 
flakes. Yield 4.22g (JO%); m.p. 181°C, decomposes. Analysis 
calculated (for c15H13No3·H20): C 65.93, H 5.49, N 5.1J; found: 
C 44.52, H 4.51, N 6.J4. 
Dilute solutions of the dyes (approx. 10-5M, 10-JM for 
-12-
carboxymethylene MOED) in water and various organic solvents 
are prepared. The dyes are characterized by the wavelength of 
maximum absorbance for the lowest frequency peak in the visible 
spectrum (Table III). All spectra are taken with a Varian Cary 
219 Spectrophotometer and 1cm quartz cuvettes. 
The effect of surfactant solutions on the merocyanine dyes 
is studied by observing the change in the wavelength of maximum 
absorbance for the lowest frequency peak in various concentra-
tions of surfactant. The dye concentration remained constant 
(10-5M) for all surfactant concentrations. The solutions also 
-2 contained 2 x 10 M NaOH so that the dyes were in their conjugate 
base form. The surfactant concentrations ranged from 10-4M to 
10- 1M. All spectra of one surfactant-dye series were taken as 
soon as possible after the dye solution was prepared to avoid 
complications due to decompositions. Wavelength readings were 
reproducible to within ~lnm. 
TABLE III 
Spectral Changes Caused by Solvent 
~max, nma 
dye water ethanol pyridine DMSO acetone 
MOED 442 510 603 527 577 
Ethoxy MOED 466 546 620 580 607 
Di-_!-butyl MOED 526 610 628 616 618 
Carboxymethylene 452 488 392 
MOED 
a 
wavelength of maximum absorbance for lowest energy peak 
-13-
RESULTS AND DISCUSSION 
The effects of various concentrations of cationic, anionic 
and neutral surfactants on the extinction coefficients and 
Amax values of four differently substituted merocyanine dyes 
in aqueous solution were investigated. The spectral changes 
observed reveal interesting specific interactions between the 
surfactant head groups and the dye chromophore. Interest was 
also focused on the surfactant concentration range over which 
each dye spectrum is shifted. Comparison of this range with 
the reported cmc values of the surfactant indicates 
substantial solubilization of the dye at concentrations well 
below the generally accepted cmc value. This phenomenon has 
been observed in previous studies17 and is the reason for 
uncertainties in cmc values determined by probe methods. The 
effects for each dye are discussed separately below. This is 
followed by a comparison of the dyes. 
MOED Spectra: 
The effects of various concentrations of surfactants 
are given in Tables IV, V, and VI and the observed spectra 
of 10-5M MOED with and without NaDS are given in Figure 2. 
With all three surfactants examined (CTABr, NaDS, and igepal 
CA-630), MOED exhibits continuous red shifts in the lowest 
energy peak at surfactant concentrations near its cmc, with 
little additional shift at higher surfactant concentrations. 
Plots of Amax values vs surfactant concentration are given 
-14-
as Figures J, 4, and 5. Such plots clearly reveal the plateau 
effect. This effect is observed when all the dye is taken 
into micelles at the lower concentrations, so that additional 
surfactant does not cause any appreciable shift. This 
indicates that the dye is fully incorporated at moderate 
concentrations of surfactant. As a result, the maximum 
spectral shifts observed are directly related to the 
difference between the intramicellar environment and that in 
aqueous solution as probed by the chromophore of the dye. The 
maximum shifts observed are large for solutions of NaDS 
(aAmax = 24nm) but small for solutions of CTABr (A>..max = Jnm) 
and igepal (A Amax = 1nm). The small change observed with CTABr 
can be attributed to the tight interaction between the CTABr 
head group and the dye, precluding MOED from penetrating 
deeply into the micelle. The CTABr head group is known to 
associate tightly with aromatic rings, especially phenoxides.5' 6 
Because of this association, MOED is unable to penetrate 
deeply into the micelle; it is not sufficiently hydrophobic 
to overcome the interaction with the head group and therefore 
the chromophore remains in a highly aqueous environment. The 
spectrum of MOED in igepal also indicates a highly aqueous 
environment; the dye is not penetrating deeply into the 
micelle. The poly(ethyleneoxide) portion of igepal CA-6JO is 
)>10 angstroms thick. As a result the dye is not seeing much 
of the highly hydrophobic environment of the micelle interior, 
-15-
but the hydrophilic region between the poly(ethyleneoxide) 
head groups o£ the sur£actant. 
Ethoxy MOED Spectra: 
The e££ects o£ various concentrations of sur£actants 
are given in Tables VII~ VIII, and IX and the observed 
spectra o£ 5 x 10-5M ethoxy MOED with and without NaDS are 
given in Figure 6. With all the sur£actants examined the 
ethoxy MOED exhibits continuous red shi£ts in the lowest 
energy peak at sur£actant concentrations near the erne with 
little additional shi£t at higher sur£actant concentrations. 
Plots o£ ~max values vs sur£actant concentration are given 
in Figures J, 4, and 5. The plots show the plateau e££ect 
£or the ethoxy MOED dye. The maximum shi£t observed are 
large £or solutions o£ NaDS (AAmax = J2nm) but small £or 
solutions o£ CTABr (AAmax = 5nm) and igepal (AAmax = 4nm). 
The small change observed in CTABr is only slightly larger 
(1nm) than the shi£t seen in the MOED-CTABr solutions. The 
small ethoxy MOED shi£t in CTABr can also be attributed to 
the tight interaction between the head group o£ the 
sur£actant and the phenoxide ring o£ the dye. The ethoxy dye, 
like MOED, is not su££iciently hydrophobic to overcome the 
interaction with the head group, and the chromophore remains 
in a highly aqueous environment. This environment is however, 
slightly less aqueous than the_environment observed in NIOED. 
-16-
The spectrum in igepal also indicates a highly aqueous 
environment, as in the solutions of MOED and igepal, the 
chromophore is not penetrating deeply into the hydrophobic 
portions of the micelle. 
Carboxymethylene MOED Spectra: 
The effects of various concentrations of CTABr are given 
in Table X. The observed spectra of 2.6 x 10-JM carboxy-
methylene MOED with and without CTABr are given as Figure 7. 
Only the solutions of CTABr with carboxymethylene dye showed 
any shift in the lowest frequency peak of the visible spectrum. 
A continuous red shift is observed in the CTABr solutions at 
concentrations near the erne with little additional shift at 
higher concentrations. The plot of the Amax values vs 
concentration of CTABr is given in Figure J. The maximum shift 
observed in these solutions is small (AAmax = 10nm), but is 
larger than the shifts observed for the solutions of MOED 
and e.thoxy MOED in CTABr, (~Amax = Jnm and 5nm respectively). 
The small change observed is attributed to the tight 
interaction between the CTABr head group and the phenoxide 
ring of the dye, thus preventing carboxymethylene MOED from 
penetrating deeply in the micelle. The dye is not sufficiently 
hydrophobic to overcome the interaction with the head group. 
The carboxymethylene dye is excluded from anionic micelles 
in solutions of NaDS due to the strong electrostatic 
-17-
repulsions; both the surfactant and the dye are negatively 
charged. Since the dye is not taken into the micelle, no 
change in the environment is observed by the chromophore of 
the dye. In the solutions of carboxymethylene MOED with 
igepal no red shift is observed, but there is a 6.7% 
increase in the extinction coefficient at 452nm as the 
concentration of surfactant is increased. 
Di-tertiarybutyl MOED Spectra: 
The effects of various concentrations of surfactant 
are given in Tables XI, XII, and XIII. The di-!-butyl dye 
shows some of the more interesting spectra of all those 
taken. With all surfactants examined a red shift is observed 
in the lowest energy peak at surfactant concentrations well 
below the erne with little additional shift at higher 
surfactant concentrations. Plots of Amax values vs 
surfactant concentration are given as Figures 8, 9, and 10. 
These plots clearly reveal the plateau effect where all 
the dye is taken into micelles at low surfactant concentrations 
so that additional surfactant does not cause any appreciable 
shift. This indicates that the dye is fully incorporated 
even at moderate concentrations of surfactant. As a result 
the maximum shifts observed are directly related to the 
difference in intramicellar and aqueous solution environments 
as seen by the chromophore of the dye probe. The spectral 
-18-
shifts are small in solutions of NaDS (A Amax = 44nm) where 
a continuous red shift is also observed. The NaDS spectrum 
is shown as Figure 11. Large shifts are also observed in 
solutions of CTABr (.A A max = 58nm) and igepal (A A max = 82nm), 
in addition, these spectra also exhibit an isosbestic point 
(Figures 12 and 1J). The isosbestic point indicates the 
presence of two distinct environments for the dye, each 
featuring a different spectrum. The isosbestic wavelength is 
where the spectra share a common extinction coefficient and 
overlap. As the surfactant concentration increases, the 
spectrum characteristic of the aqueous environment gives way 
to that of the less aqueous environment of the micelle; the 
peak for the aqueous solution diminishes and the peak 
representing the dye in the micelle interior grows. An 
additional interesting complication was also observed. In 
igepal micelles the di-~-butyl MOED dye exists as its 
conjugate acid at low base concentrations (pH<(11). The 
spectrum observed in 10- 2M NaOH results from the overlap of 
the spectra for the protonated and unprotonated forms. When 
the concentration of base is increased to 0.1?M, an increase 
in the unprotonated form of the dye is seen (Figure 1Jb). 
The pronounced shift observed in igepal solutions is 
comparable to that observed upon going into the non-aqueous 
solvent ethanol, implying that the chromophore is not 
hydrated in these micelles. The large red shift in the 
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spectra o£ CTABr indicates that the dye is su££iciently 
hydrophobic to overcome the CTABr head group-phenoxide ring 
interactions. The continuous red shi£t of the di-!-butyl dye 
in NaDS solutions is accompanied by a decrease in the 
absorbance o£ the lowest energy peak observed in aqueous 
solution. When the solutions were prepared, it was necessary 
to increase the concentration of the dye. The NaDS sur£actant 
in concentrations abov~ 1 x 10-JM caused a rapid £ading o£ 
the colored dye solution upon mixing. A further study o£ the 
spectra reveals the simultaneous appearence of an additional 
peak in the near UV region ( Amax = J96nm). The product o£ 
this £ading process is not determined, but the coprecipitation 
o£ anionic surfactant molecules with relatively insoluble 
cationic dyes has been observed be£ore. The di-!-butyl dye, 
being very hydrophobic, was difficult to dissolve directly 
in basic solution. Even when solvation was accomplished the 
solution exhibited a very pale color. We £ound that i£ the 
dye was first acidi£ied in solution to form a yellow 
protonated £orm o£ the dye, followed by the addition o£ 10- 2M 
NaOH, the dye solution would exhibit a deep red color. The 
spectra o£ these two forms are Figure 14. The dark solution 
£ades with time when left to sit in the lab and fades to a 
colorless solution within one hour when le£t in direct 
sunlight. Spectra o£ £reshly prepared and faded dye solutions 
are given in Figure 15. 
-20-
Comparison of the Dyes: 
The addition of the substituted ethoxy group to the 
MOED dye did not substantially increase the hydrophobicity 
of the derivitive dye over that of MOED. In solutions of 
CTABr and igepal the ethoxy dye displayed shifts that were 
2 to Jnm larger, indicating the dye is still not considerably 
more hydrophobic than MOED to overcome the interaction of the 
CTABr head group so as to penetrate deeply into the micelle. 
The ethoxy dye behaves very much like a hydrophobic dye giving 
large red shifts in anionic surfactant solutions and small 
red shifts in cationic and neutral surfactant solutions. 
The carboxymethylene dye on the other hand is a very 
ionic molecule with a negative charge on the carboxyl group. 
It is not a hydrophobic dye by any means. It is more strongly 
hydrophilic than MOED or ethoxy MOED. Despite this large 
hydrophobicity the carboxymethylene dye shows a larger shift 
in solutions of CTABr than either MOED or ethoxy MOED. The 
head group of CATBr is still interacting with the phenoxide 
ring of the dye, the difference being that where in MOED the 
chromophore points toward the Stern layer while the hydrophobic 
N-alkyl group is positioned toward the micelle core, in 
carboxymethylene MOED the N-alkyl group is very hydrophilic 
and is most likely positioned toward the bulk solvent and 
thus directs the sensitive chromophore in the direction of 
the micelle core. A difference in environments about the head 
-21-
groups of the micelle is thus observed. The first few methyl 
groups on the alkyl chain of the surfactant are highly hydrated 
and thus show an aqueous environment when probed by carboxy-
methylene MOED. 
The di-~-butyl dye was the most hydrophobic of all the 
dyes studied. It behaved characteristically as a hydrophobic 
dye by causing larger shifts in cationic than in anionic 
surfactant solutions. 17 The di-~-butyl dye caused larger 
shifts in all dye solutions than n-decyl MOED17 yet the 
N-alkyl chain on di-~-butyl MOED is no more hydrophobic than 
the N-alkyl group of MOED. The chromophore of the di-~-butyl 
dye is being pulled deeper into the micelle core by the 
hydrophobic ~-butyl groups which are substituted on the 
phenoxide ring. Therefore, the substituted alkyl groups 
essentially positions the dye in the micelle with the 
chromophore pointing toward the core of the micelle. 
-22-
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APPENDIX 
TABLE IV 
Effect of Hexadecyltrimethylammonium Bromide (CTABr2 on the 
Visible Spectrum of MOED 
[S] a X 10-4M :>..max, nmb E X 10-l9 T 
0 442 4.49 
5 440 4.51 
10 440.5 4.50 
20 441 4.50 
.30 442 4.49 
50 44.3 4.48 
100 44.3 4.48 
.300 445 4.46 
500 445 4.46 
700 446 4.45 
1000 447 4.44 
asurfactant concentration 
b 
wavelength of maximum absorbance for the lowest energy 
peak 
cE is the electronic transition energy in joules per T 
molecule. 
-26-
J c 
TABLE V 
Effect of Sodium Dodecyl Sulfate {NaDS) on the Visible 
Spectrum of MOED 
[S] a X 10-4M Amax, b E X 10- 19 nm T 
0 442 4.49 
5 442 4.49 
10 443 4.48 
20 443 4.48 
30 444 4.47 
50 445 4.46 
100 446 4.45 
JOO 451 4.40 
500 456 4.35 
700 459 4.32 
1000 466 4.26 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cET is the electronic transition energy in joules per 
moluecule. 
-27-
J c 
TABLE VI 
Ef'f'ect of' Igepal CA-6JO on the Visible Spectrum of' MOED 
[.s] a g/1 Amax, nmb E X 10-19 T 
0 442 4.49 
0.7 442 4.49 
LJ 44J 4.48 
2 442 4.49 
2.7 442 4.49 
6.7 442 4.49 
1J.4 44J 4.48 
20.1 443 4.48 
26.8 443 4.48 
asurf'actant concentration in grams per liter 
bwavelength of' maximum absorbance f'or the lowest energy 
peak 
cET is the electronic transition energy in joules per 
molecule. 
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TABLE VII 
Effect of Hexadeclltrimethllamrnonium Bromide ( CTABr) on the 
Visible Spectrum of Ethoxy IVIOED 
[s]a X 10-JM Amax, b E X 10-19 J c nm T 
0 466 4.26 
2 467 4.25 
4 467 4.25 
6 467 4.25 
8 467 4.25 
10 467 4.25 
20 468 4.24 
40 469 4.2J 
60 470 4.22 
80 471 4.21 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cE is the electronic transition energy in joules per T 
molecule. 
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TABLE VIII 
Effect of Sodium Dodecyl Sulfate (NaDS) on the Visible 
Spectrum of Ethoxy MOED 
[S]a X 10-JM Amax, b E X 10-19 run T 
0 466 4.26 
1 466 4.26 
2 466 4.26 
4 466 4.26 
4.8 470 4.22 
5.6 470 4.22 
6.4 474 4.19 
7.2 476 4.17 
8 478 4.15 
12 484 4.10 
16 488 4.07 
20 490 4.05 
40 493 4.02 
60 498 J.98 
80 498 J.98 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cET is the electronic transition energy in joules per 
molecule. 
-JO-
J c 
TABLE IX 
Effect of Igepal CA-630 on the Visible Spectrum of Ethoxy 
MOED 
[S]a g/1 Amax, b ET x 10-19 J c run 
0 466 4.26 
0.7 467 4.25 
1.3 467 4.25 
2 467 4.25 
2.7 468 4.24 
6.7 468 4.24 
13.4 469 4.23 
20.1 468 4.24 
26.8 470 4.22 
asurfactant concentration in grams per liter 
b 
wavelength of maximum absorbance for the lowest energy 
peak 
cE is the electronic transition energy in joules per T 
molecule, 
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TABLE X 
Effect of Hexadecyltrimethylammonium Bromide ( CTABr) on the 
Visible Spectrum of Carboxymethylene MOED 
[S]a X 10-JM A max, b E X 10-19 J c nm T 
0 452 4.J9 
1.7 452 4.J9 
J.J 452 4.J9 
5 454 4.J7 
6.7 454 4.J7 
8.J 454 4.J7 
16.7 458 4.JJ 
JJ.J 459 4.J2 
50 460 4.J1 
66.7 462 4.JO 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cE is the electronic transition energy in joules per T 
molecule. 
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TABLE XI 
Effect of Hexadecyltrimethylammonium Bromide ~ CTABr) On the 
Visible Spectrum of Ditertiarybutyl MOED 
[S]a X 10-4M Amax, nmb E X 10-l 9 T J c 
0 526 3·77 
2 526 3·77 
4 530 3.74 
6 537 3·70 
8 575 3·45 
20 580 3.42 
40 582 3.41 
60 583 3.4o 
80 583 3.4o 
100 584 J.4o 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cET is the electronic transition energy in joules per 
molecule. 
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TABLE XII 
Effect of Sodium Dodec;yl Sulfate {NaDS~ on the Visible 
Spectrum of Ditertiar;ybut;yl MOED 
[S]a X 10-4M Amax, b ET x 10-l9 J c nm 
0 526 3·77 
8.3 526 3·77 
16.7 526 3·77 
20.8 526 3·77 
25 528 3.76 
29.2 532 3·73 
33·3 565 3·51 
37·5 568 3.50 
41.7 570 3.48 
45.8 570 3.48 
50 570 3.48 
167 570 3.48 
333 570 3.48 
667 570 3.48 
asurfactant concentration 
bwavelength of maximum absorbance for the lowest energy 
peak 
cE is the electronic transition energy in joules per T 
molecule. 
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TABLE XIII 
Effect of Ige~al CA-6JO on the Visible S~ectrum of 
Ditertiarybutyl MOED 
[S]a g/1 Amax, nmb ET X 10- 19 J c 
0 526 J.?? 
0.? 526 J.?? 
l.J 526 J.?? 
2 528 J.76 
2.7 5JO J.74 
J.4 608 J.27 
6.? 609 J.26 
1J.4 608 J.27 
20.1 608 J.27 
26.8 608 J.27 
asurfactant concentration in grams per liter 
bwavelength of maximum absorbance for the lowest energy 
peak 
cET is the electronic transition energy in joules per 
molecule. 
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Figure 2. The Absorption Spectra of MOED with 2 x 10- 2M NaOH 
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Figure J. Effect of CTABr on the Spectra of MOED, Ethoxy MOED and Carboxymethylene MOED 
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Figure 5· The effect of Igepal CA-6JO on the Spectra of MOED and Ethoxy MOED 
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Figure 6. The Asorption Spectra o.f Ethoxy MOED with 2 x 10-2M NaOH 
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Figure 7· The Absorption Spectra of Carboxyrnethylene MOED 
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Figure 10. Effect of Igepal CA-6JO on the Spectra o£ Di-~-Butyl MOED 
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Figure 11. The Absorption Spectra of Di-!-Butyl MOED 
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Figure 1~. The Absorption Spectra of Di-!-butyl MOED 
with 2 x 10- 2M NaOH 
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